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Notation for Stability Axes 


Positive directions of axes, forces, moments, and angular 
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Aerodynamic Coefficients 


Ll. Stability Axes Syster (See v. i) 


ae 
Lift coefficient —<s 
qs 


t 
drag ceefficient = 


Fy 

side-force coefficient 3s 
y 
se 
Xs 


qSb 


pitching-moment coefficient 


rolling-moment coefficient 


Ml 
yawing-moment coefficient ast 


2. Body~Axes System (See p. ii) 


normal-force coefficient 
. aaar A 
axial-force coefficient 48 


Side-force coefficient —= 


ao 
“a 


pitching-moment coefficient qe 
My 
rolling-moment coefficient qsb 


yawing-moment coefficient qsb 
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CONFIGURATION SYMBOLS 


fuselage 


aft ducts (WL 27.50, model scale) 


forward cucts in desisn vertical position (WL 23.50, 
modet seale) 


forward ducts in high vertical position (WL 27.25, model 
scale) 


forward ducts in low vertical position (WL 271.63, medel 
scale) 


forward ducts in medium high vertical posicion (WL 25.37, 
model scale) 


art elevons 
shortechord forward elevons 


landing gear extended 


design outboard stabilizer (NACA section 64A0i5) 
vutbuard stabilizer 


landing vear fairing 


engine nacelles (0.83" outboard of Phase 1 position) 
rudder 


vinuow blisters 


basic vertical cail 
flateplate vertical tail, dcsign vertical tail planform 
vectical tail with increased span and chord (Figure 3) 


I) -wedye vertical stabilizer (Figure 3 


V., with wedge rvot section faired to V, section 
4 4 


CONFIGURATION SYMBOLS (Continued) 
Vv, with 5° wedge added to inboard section (Figure 3) 
v5 with blunt trailing edge (Figure (3) 
vy with 5° wedge ta entire vertical tail (Figure 3) 
Vig with 6" span extension 


V, with 6" span extension 


é 


¥. with blunt truiling edge faired to sharp edge at 6” 
span (Figure 2) 


twin vertical tails (basic panel and lewer panel) aft of 
nacelles (Figure 3) 


twin vertical tails (basic panel and lower panel) located 
at BL i4 7 (Figure 3) 


Lwin vertical tails (basic panel and Jower panel) located 
at BL 18.5 (Figure 3) 


twin vertical tails (basic panel, lower panel, and 4 1/4" 
upper span extension) locatec aft of nacelles (Figure 3) 


twin vertical tails (basic panel and 4 1/4" upper span 
extension) located aft of nacelles (Figure 3) 


twin vertical tails (basic panel) located aft of nacelles 
(Figure 3) 


eatended-chord wing 
extended-chord and extended-span wing 


forward duct stub wings 


afceduct vertical fin 


vi 


CONFIGURATION SYMBOLS (Concluded) 


subscripts 
angle of incidence of outboard stabilizer (uy) with respect 
tu the duct center Line 


anzle of incidence with respect to fuselaye water Line 
(applies to wing or nacelle) 


vertical tail (V) Location, defined by one of the followiny: 


A ait position (station 484, full scale) 
B vertical tail filiet and vortex generators installed 
F forward position (station 460, full scale) 


oft vertical tark removed 
deflection of elevon (£) with respect to duct center line 


incidence angle of duce (D) with respect to fuselage water 
Line 


deflection angle of rudder (R) 
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SUMMARY 

A 1/6-scale unpowered model of a ducted-propeller, V/STOL aircraft 
(Bell X-22A) was tested in an G~ by 10-foot, rectangular, atmospheric 
wind tunnel. During this test numerous modifications were made to the 
initial configuration selected during phase I investigation. Most of 
these modifications involved detail changes of the vertical tail in order 
to develop satisfactory serodynamic stability characteristics.” The test 
was restricted to the cruise regime. Data are presented in tebular form 
as aerodynamic coefficients’in the stability axes system and in the body 
axes system. , 

INTRODUCTION ~ 
The Bell Aerosystems Company is under contract ts the Unired Stares 


Navy to design and build a research-type, tandem ducted propeller V/STOL 


o2a 


aircraft. As a result of wind tunnel tests of an unpowered model of the 
preliminary design conducted at the University of Texas, a basic config- 
uration was developed. Phase I of the DTMB wind tunnel tests provided 
data defining the stability and control characteristics of this basic 
configuration. This configuration did not develop adequate aerodynamic 
stability. The phase II investigation was conducted to determine the 
effect of detail changes of the modified phase I model. 

This phase of the investigation was performed in accordance with 
Reference 1, during June and July, 1963. All the reduced date were 
forwarded to the Bell Aerosystems Company after the completion of the 
test. 


APPARATUS 
The test was conducted in an 8 by 10-foot, rectangular, atmospher- 
ie-pressure, subsonic wind tunnel. A single, fuselage, strut support 
system was used. A model pitching mechanism was incorporated in this 
fuselage. Angle of sideslip was varied by rotating the single strut. 


MODEL 

A 1/o-scaie model consisting of a steel framework supporting @ 
fiberglass shell was made available by Bell Aerosystems Company for use 
in this test (see Figures 1 and 2 and Table 1). Center bodies and struts 
were not included in the ducts. Wing anc duct positions were not varied 
during the phase II test. However, surface fairing and stabilizing pane! 
configurations were modified as the test progressed. The more important 
vertical tail configurations investigated are shown in Figure 3. The 
forward duct-fuselage fillets are shown in Figure 4. Model configuration 
is described by the code listed in the Notation, and model dimensions 
are presented in Table 1. During the phase I1 test the model nacelles 
were placed 0.83 inch outboard of their phase I position and were not 
faired into the fuselage. . 

Reynolds number effects were briefly investigated using a 1/5-scale 
fuselage without, ducts, wings, or vertical tail installed. 


TESTS 
Pitch and yaw data were taken in the cruise regime according to the 


schedule presented in Table 2. The model forces and moments with respect 


-3- 


to the reference center of gravity were reduced ¢7 nondimensional coef fi- 


cient form. Constants used in data reduction are as follows: 


Wing area, S 6.25 sq ft 
Wing span, b 6.54 ft 
Wing chord, c 1.167 ft 


The data were computed for both the body axes system and the stability 
axes system (see Notation). Corrections have been applied for aerody- 
namic loads and interference effects developed by the support system, for 
solid blockage, for horizontal buoyancy in the test section, end for 
interference due to the tunnel walls. The derivation of the corrections 


for tunnel wall effects jis given in the Appendix. 


PRESENTATION OF RESUL’S 
Results of the test are presented in Table 3 as nondimensional sero- 
dynamic coefficients in both the stability axes system and the body axes 
system. For the various configurations and test conditions of each run, 
gee the test program in Table 2. The key to configurations is given in 
the Notation. 


Aerodynamics Laboratory 
David Taylor Mod. 1 Basin 
Washington, D. C. 

April 1964 
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APPEND IX 


TUNNEL-WALL CORRECTIONS 

The difference, due to the presence of the tunnel walls, between 
model downwash angle in the wind tunnel and model downwash angle under 
free-air conditions wes computed. The correction to lift or angle of 
attack due to the tunnel-wall-induced curvature of the streamlines was 
considered negligible. Variation of model forces and moments due to 
changes in downwash angle was computed and included in the final data as 
a correction. The method of computing the variation of downwash angle 
and its influence on model forces and moments is described below. 

Two sets of tunnel-wali corrections were computed. The first set 
was applied to incomplete configurations; i.e., configurations with ony 
the forward or aft Lifting surfaces installed or the fuselage alone. The 
second set of tunnel-wall corrections was developed for application to 
the data from the complete configuration. All corrections are added to 


measured values ottained during wind-tunnel testing. 


INCOMPLETE MODEL TUNNEL-WALL CORRECTIONS - 

This set of corrections was computed using the equations in Refer- 
ence 2. In order to compute the *tunnelewall correction factors, 8i5° it 
was assumed that all model lift was developed by the rear ducts ani wing, 


regardiess of configuration. Consequently, 


Ss 
ba bo C C, (57.3) in degrees 
= 0,574 C 
@ 
where 
$ reference wing area (6.25 square feet) 
C tunnel cross-secticnal area (80 square feet) 


This correction was added to the nominal angle of attack of the 
fuselage, and the sum was defined as the reference angle of attack. 
Similarly, 


alu 
e 
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COMPLETE-MODEL TUNNEL-WALL CORRECTIONS 

Tunnel~wall corrections for the complete configuration were derived 
on the basis of previously measured distribution of lift between the 
forward ducts and the aft ducts and wing. The fore-and-aft Lift distri- 
bution was determined from the relative magnitudes of the lift curve 


slopes, Cr » of the complete configuration and the aft-wing-only configu- 
@ 


ration. Wind-tunnel test data indicated that the Cc of the model with 
a 
only the aft ducts and wing installed was 65 percent of the magnitude 


of the Cc. of the complete configuration. Therefore. it was assumed that 


the aft duces and wing developed 65 percent of the measured lift of the 
complete configuration. Similarly, the lift contribution of the forward 
ducts was assumed to be 35 ;ercent of the measured lift of the complete 
model. The correction factors for the complete configuration, 8 4 yr ob- 
tained for the TMB 8- by 10-Foot Wind Tunnel were taken from the labora- 
tory tunnel manual and from Reference 3. They are defined as follows: 
by = 0.123 tunnelewall correction factor due to 
forward duct, at forwara duct 


559 = 0.129 tunnel-wall correction factor due to 
aft duct, at aft duct 


bo) = 0.203 cunnel-wall correction factor due to 
forward duct, at aft duct 


S10 = 0.044 tunnel-wall correction factor due to 
duct, at forward duct 
The angle-of~attack correction for the complete model was assumed 
to be that fer the rear wing. As will be shown, the angle-of-attack 
correction for the front ducts is accounted for in computing a correction 
to lift and pitching moment. The angle-of-attack correction for the 


rear wing is: 


But 


s ' 
bay, * S916 (0.35) C (57.3) in degrees 


= 0.318 Cc, 
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and 
bao = 59 8 (0.65) C (57.3) in degrees 
= 0.375 C 
Therefore, 
boeee = 0.318 C. + 0.375 c. = 0.693 C. 


The C used here is the total model lift coefficient. 


Correction to model induced drag was computed as the sum of the 
induced drag corrections apnlicable to the forward duct and the aft 
duct and wing. 


° 


Similarly 
Oo = Ay + bar. * 0.320 C, in degrees 
2 Peet me 2 
a (0.320 c)) (0.35) Cy x 57.3 0.00196 C,' 
‘wd 
and 
AQ ee = 0.693 Cc. 
& = ae 2 
ee (0.693 C) (0.65) Cr x 3773 0.00786 C 


Therefore the total Cc) is: 


F 2 ee = 2 
AC, = (0.06196 qe + 0.00786 c") 0.00982 C, 


Pe Po 
The measured pitching moments were corrected for tunnel-wall- 
induced angle-of-attack changes at the lifting line of both the fore 


and aft lift systems. That is, 


Li 7 
Lc.) = «6AC - ac = = ‘ha c - Ax i 
Mewd Matt Migr Gee dake 
wuere 
c 1.167 feet 
a one~half the longitudinal distance between duct 


quarter chords (i.e., reference c. g. is located 
midway between the ducts) 


From the test data, the slone of the total Lift curve, /C. 


-C \ = 0.134 
a/T 
Therefore, 
ic, = 0.0584 C. 


Since the angle-of-attack corrections for the fore and aft lift 
systems are not equal and are both functions of total model lift, it 
is necessary to correct measured model lift so that the final date 
represent performance of fixed-duct-incidence configurations. The 
angle-of-attack correction computed above included only the rear Lift 
system effects. There is, then, an additional increment of lift due 
to the forward lift system to be added. 


oc, = La ° dag, 7G, 3 
L N aft ’ a fwd 


3c, = 0.0175 C 


1. 


3. 
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Figure 3 - Various Vertical Tail Desiuns Tested 
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Figure 3 (Continued) 
(b) Ve (10° “Wedge Vertical Stabilizer) 
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Figure 3 (Continued) 


(c) Yi0 W, With 5° Wedge Added to Inboard Section) 
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Figure 3 (Continued) 


(d) Vion WV, With Blunt Trailing Edge) 
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Figure 3 (Continued) 


(e) Ya Vv, With 5° Wedge Added to Entire Vertical Teil) 
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Figure 3 (Continued) 


(£) V,, (V, With Blunt Trailing Edge Faired to Sharp 
Edge of 6" Span) 
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Figure 3 (Continued) 
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Table 1 


Dimensions of the Model 


B Fuselage 

Length in feet 5.71 

Width in feet 1.05 

Height in feet 1.19 
b Duct 

Inside diameter (in propeller plane) in feet 1 167 

Outside diameter in feet 1.418 

Chord in feet 0 684 

Planform area in square feet 0.931 
We Forward Duct Stub Wings 

Planform area in square feet 0.129 
V5 Basic Vertical Tail (Figure 3) 

Area in square feet 1.76 

M.A.C, in feet 1,00 

4 Span in feet 1.81 

Section NACA 0012-64 
vy, Flat-Plate Vertical Tail (4" thick, vy planform) 

Area in square feet 1.76 

M.ALC in feet 1.00 

Span in feet : 1.81 
Vy Vertical Tail with increased span and chord (Figure 3) 

Area in square feet 175 

M A.C. in feet 1.06 

Span in feet 1 79 

Section NACA 0012-64 
Vg 10 -Wedge Vertical Stabilizer (Figure 3) 

Area in square feet ’ 1.76 

M.A C. in feet 1.90 

Span in reet 1 84 

Section Wedye 


10 


10A 


11 


13 


14 
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Table 1 (Continued) 


Vy with wedge root section 


Area in square 
M.A.C. in feet 
Span in feet 


V, with 5° wedge 


Area in square 
M.A.C. in feet 
Span in feet 


feet 


added to inboard section (Figure 3) 


feet 


V, with blunt trailing edge (Figure 3) 


7 

Area in square 
M.A.C. in feet 
Span in feet 


V, with 5° wedge 


Area in square 
M.A.C. in feet 
Span in feet 


Yio with 6"=span 


Area in square 
M.A.C. in feet 
Span in feet 


vy with 6"-span extension (NACA 0012-64) 


Area in square 
M.A.C. in feet 
Span in feet 


vy with blunt trailing edge faired to sharp edge 
at 6" span (Figure 3) 


Area in 6quére 
M.A.C. in feet 
Span in feet 


feet 


added to entire vertical tail (Figure 3) 


feet 


extension 


feet 


- 


feet 


feet 


1.76 
1.00 
1.81 


1.75 
1.06 
1.79 


1.75. 
1.06 
1.79 
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Tavle 1 (Continued) 


Vis Twin vertical tails (basic panel! and lower panel) 
aft of nacelles (Figure 3) 


Area in square feet 1.34 


M.A.C. in feet 


Basic panel 0 66 
Lower panel 0.52 
Span in feet 1.42 
Airfoil section Symmetrical 
V6 Twin vertical tails (basic panel and lower panel) 
located at BL 14.7 (Figure 3) 
Area in square feet 1 34 
M.A.C,. in feet 
Basic panel 0.66 
° Lower panel 0.52 
Span in feet 1.42 
Airfoil section Symmetrical 
Viz Twin vertical tails (basic panel and lower panel) 
located at BL 18.5 (Figure 3) 
Area in square fcet 1 34 
M.A.C. in feet 
Basic panel 0.66 
Lower panel 0.52 
Span in feet 1.42 
Airfoil section Symmetrical 
Vig Twin vertical tails (basic panel, lower panel, and 
4%" upper span extension) located aft of nacelles 
(Figure 3) 
Area in Square feet 1.07 


M.A.C. in feet 


Upper panel 0.62 
Lower panel 0.52 
Span in feet 1.84 


Airfoil section Symmetrical 


19 


20 
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Table 1 (Continued) 


Twin vertical tails (basic panel and 4%" upper span 
extension) located aft of nacelles (Figure 3) 


Area in square feet 
M.A.C. in feet (upper panel) 
Span in feet 
Airfoil section 
Twin vertical tails (basic panel) located aft of 
nacelles (Figure 3) 
Area in square feet 
M.A.C. in feet 
Span in feet 


Airfoil section 


Extended-Chord Wing 
Area in square feet 
M.A.C. in feet 
Span (excluding ducts) in feet 


Extended-Chord and Extended-Span Wing 
Area in square feet 
M.A.C. in feet 


Span (excluding ducts) in feet 


Design Outboard Stabilizer 
Area (ex; sed) in square feet 
M.A.C. in feet 
Span (exposed) in feet 


Airfoil section 


Outboard Stabilizer 
Area (exposed) in square feet 
M.A.C. in feet 
Span (exposed) in feet 
Airfoil section 


1.07 

0.62 

1.45 
Symmetrical 


0.67 

0.66 

1.03 
Symmetrical 


7.03 
1.49 
3.58 


7.29 
1.49 
4.31 


0.83 

0.842 

1.12 
NACA 0C15 


0.30 

0.96 

0.316 
NACA 64A015 


7 


=25- 


Table 1 <Concluded) 


Forward Elevon 
Area in square feet 
M.A.C. in feet 
Span in feet 

Aft Elevon 
Area in square feet 
MLA.C. in feet 
Span in feet 

Aft Duct Ventral Fin 
Area in square feel 
M.A.C, in feet 


Span in feet 
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